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At the request: of the Amy Air Forces , Materiel Command, 
measurements were made of zhe pressures on the tail surfaces 
of the Republic Aviation Corporation P-I|.7B airplane in the 
NACA full-scale tunriel. The pressures were measured over 
the horizontal and vertical tail surfaces for several airplane 
angles of attack and angles of yaw and v/ith numerous control- 
surface deflections to provide a check on the design loads. 

This report shows the distribution of the tail normal 
force between the fixed and the movable surfaces, the effects 
of yavv and rudder deflection on the normal forces on the 
hori2:ontai tail surfaces, and the similar effects of angle of 
attack and elevator deflection on the vertical tail surfaces. 
Some calculations have been made of the normal-force coeffi- 
cient of the horizontal tail surface and the chordwise pres- 
sure distributions by means of existing empirical and theo- 
retical knowledge for comparison with the experimental data. 
This paper was originally issued as a Memorandum Report for 
the Army Air Forces, Feb. 20, IQliJ . 



SY^ffiOLS 

Cn section normal-force coefficient (n/qc) 

Gu normal-force coefficient (N/qS) 

dCNt/d^t tail effectiveness 
dCNt/d5G elevator effectiveness 



ratio of the effect ivenesi^ of a change in elevator 
angle 5e to the effectiveness of a change in 



tail 



p 


local static pressure 




1 


/I p\ 

dynamic prew-:.av;re i^^^^ y 






]jori;ial force 




n 


section normal force 






incr emen t a 1 add i t i ona 1 d i s 


fcr ihut ion 




incremental basic distri'ovi 


^ion 




incremental normal-fore^ d 


istr ibut ion (Pag + Pbs) 


Pi 


normal-force distr ibut iori 


for undefiected control 



surface 

p . total calculated normal-force distribution ( Pg ) 

normal-force distribution determined from pressure- 
distribution tests 

S area 

St total area of horizontal tall surface {^j3.6 sq ft) 

(includes area blanketed by fuselage) 

Ss stabiliLer area (37,6 sq ft) 

Se elevator area, including balance (22 sq ft) 

Sf fin area sq ft) 

Sp rudder area^ including balance (12,9 sq ft) 

u local velocity in boundary layer 

V velocity 

c chord (length behind hinge line on movable surface) 
angle of attack of hori^^ontal tail surface 
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angle of attack of thrust axis relative to free- 
strean direction, degrees 

\1/ angle of yaw, degrees; positive when left v/ing 

moves forward 

6 control-surface deflection, degrees; positive with 

elevator dovin or rudder left 

€ downwash angle at tail measured relative to free- 

stream dir-ection, degrees 

angle of stabiliz;er setting with respect to the 
thrust a.xi;^, degrees; positive with trailing 
edge dov/n 

p mass density of air^ slugs per cubic foot 

Subscripts i 



o 


free stream 


s 


stabilizer 


G 


elevator 


f 


fin 


r 


rudder 


t 


horizontal tail surface 


is 


isolated tail 



APPARATUS AND TESTS 



The Republic P-Ij.YB is a high-alb itude pursuit airplane 
(figSo 1 and 2) weighing about 13 > 500 pounds and equipped 
with a Pratt & Y/hitney R-2800~21 engine and a four-blade 
Curtiss electric propeller. The tail surfaces have approxi- 
mately elliptical chord distribution although they are not 
of elliptical plan form. The elevator and rudder are pro- 
vided v/ith inset hinge balances averaging l6,I{. and ll[.*8 per- 
cent of the average control-sui'f ace chord;, respectively. 
The elevator and the ru.dder on the airplane tested are 



fabric-covered and are fitted with control tabs. The ratio 
of tlie avora^^e tab chord to the average control-surface chord 
13 about 0.4b for the elevator and 0.35 the rudder. The 

c^tabill^er incidence for the tests was and the leading 

edge of the fin was offset 1^ left from the longitudinal axis 
of the airplane. 

A total of I].37 flush-type orifices vms installed in the 
eiupeijiiage as follows; ikO in the stabilizer > I50 in the 
elevator; 68 in the fin, and 79 in the rudder r The orifice 
locations and rib dimensions are given in figures 3 h 
and in ta')les I, 11^ and III. 

All tests were made with the propeller removed. At 
zero angle of yaw and at airplane angles of attack of 0^ and 
15-^6^, th'j t^lil -surf ace pressures vvere measured for several 
angular deflections of the elevator. (See table IV.) 
Similai' tests were made for a range of ru.dder deflections at 
yaw angles from 0^ to ^"^^^ test at an intermediate angle 

of attack of ^ .1^ and several tests at an angle of attack 
just above the stall (17^1^) v/ere also made* 

The elevator v/as deflected 5^ for the rudder tests. 
The elevator and rudvder tabs were locked at settings of -2^ 
and 0^, respectively « The thrust axis^ the stabilizer chord, 
and the longitudinal axis of the airplane were used as refer- 
ence lines from v/hich angle of attack, elevator deflection, 
and rudder deflection were measured c 

The tunnel airspeed for the tests at the two low^ angles 
of attack was 87 miles per hour. The tests at the two high 
angles of attack were made at an airspeed of 65 miles per hour. 



RESULTS AND DISCUSSION 



Isometric charts of typical pressure distributions over 
the P-Ij.7B tail surfaces at three angles of attack for different 
control-surface settings and yaw angles are shown in figures 5 
to 15. No vmusual tail load distributions are indicated by 
these results. ?or high angles of attack of the fixed sur- 
faces the expected peak loads occur on the leading edge of 
the fixed surface, and for large deflections of the movable 
surfaces the expected peak loads occur near the hinge line. 
A peak load occurs on the elevator mass balance for elevator 
angles in v/hich the nose of the balance projects appreciably 
beyond the stabilizer surf ace 0 (See fig. 6,) 
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A reduction in normal force on the ribs adjacent to the 
fuselage is clearly shown by the data. This reduction in 
normal fcrce^ which Increases with angle of attack, results 
from the wake of the fuselage and v^ing-fuselage juncture. 
(3ee figs. 5 to 8. ) A large reduction in the pressure peaks 
at the right side of the horizoi/t?a tail surface was measured 
at arjy = 17.,!^ (fig. 7)c The decrease is due to local 
stalling which occurred on thl3 side of the horizontal tail 
when the wing stalled. 

The pressvve distribution on the vertical tail surface 
with the rudder deflected ^9^^ at an angle of attack of 0^ 
and an angle of yaw of 0^ is shown in figure Q. Similar 
data at an angle of yaw of 9^ for rudder "deflections of 0^ 
and -o^^ are shown in figures 10 and 11, and the data for an 
axiglc of attack of 15,6^ are shown in figures 12 to li|. 
Results at the stalled angle of attack of 17.1^ with the 
airplane yawed 9^ are presented in figure 15. 



Normal-Force Coefficients 

The average nor^iial-f or ce coefficients that were foLind by 
integrating the span load distribution curves are given in 
table iVo All of the coefficients used in this report are 
given in terms of free -stream dynamic pressure except where 
noted. Because the pressure distribution between ribs 5 
and^b was not measured, the following method was used for 
estimating the load on the fuselage: The spanwise curve of 
normal-force distribution was faired as a straight line 
between ribs 5 and 6 as an upper limit of the possible load. 
For the lower limit, the load curve was faired to zero at 
the Juncture of the stabilizer and fusela;;-^. The stabilizer 
normal-force coefficients CNg were then plotted (fig, I6) 
for each of tlie two fairings over a ran^e of elevator deflec- 
tions at angles of attack of 0^ and 15.6^ and compared with 
similar values deteririined from unpublished force tests m.ade 
in the MACA full-scale tunnel. From this comparison, it 
was found that about two-thirds of the difference between the 
normal forces given by the tv;c fairings should be applied as 
the load on the fuselage. The stabilizer span loadings 
were accordingly faired for each of the tests. 

Curves of the span load distribution for representative 
test conditions are shown for the stabilizer in figure 17 and 
for the elevator in figure iSo Combined distributions for 
the };orizontal tall showing the variation of the load with 



elevator deflection and the effect of yaw on the horizontal 
tail are given in figure I9. Typical span loadings on the 
fin and rudder are shown in figure 20 and the loading over 
the entire vertical tail surface for each of these conditions 
is shov/n in figure 21. 

The variations of the no]?mal~f crce coefficients on the 
fixed aud movabl© surfaces with airplane angle of attack are 
shown in figure 22 foi' an elevator setting of ^ The normal- 
force eoefficients of tlie stahilizer and the elevator are the 
sarne at an angle of attack of » At arp = 15^6^ the 
stabilizer normal-force coefficient is about three times as 
great as the elevator normal-force coefficient c 

The normal force or^ the fin increases with angle of 
attack for the zero-yaw condition due to an apparent increase 
in sidewash across the fin from left to righto The load on 
the rudder remains negligibly small over the entire range of 
angle of attackc 

The effects of elevator deflection on the stabilizer 
and elevator normal-force coefficients for a,j = 0^ and 
arp = 15-6^ are shown in figure 25* 

The variation of Ctvj with angle of yaw for the vertical 
tail surface at airplane' angles of attack of 0'^ and 15.6^ Is 
shown in figures 2h., and 25; respectively. Sim.ilar curves 
of Cfj plotted against rudder deflection for different yaw 
angles are given in figures 26 and 27* The increase of the 
normal force on the fin with yaw is "^Q percent less at an 
angle of attack of 15*6^ than at an angle of attack of 0^ • 

The effects of rudder deflection and yaw angle on the 
norm.al force on the horizontal tail are shovm in figures 28 
and 29, respectively^ and similar effects of elevator deflec- 
tion on the vertical-tail loadings are shown in figure ^0^ 
The effects are small but measurable. 



Prediction of Forces on Horizontal Tail Surface 

An attempt has been made to determine v/hether agreement 
exists between the measured pressure distribution on the P-I4..7B 
horizontal tail surface and the distribution predicted by 
existing empirical and theoretical knowledge. Ov\^ing to the 
lack of sufficient data relative to the sidewash angles at 
the tail; a similar correlation for the vertical tail has not 
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bf&en made. The steps followed in predicting the pressure 
^;istributions on the horizontal tail surface of the P-ijYB 
a.trplane are? 



A (1) Calculation of the isolated-tail characteristics 

j> frora the tail dimensions 

(2) Determination of the resultant downwash and dynamic- 
pi^essure dis'tribut ion at the tail plane 

(5) Deterri?.inat ion of the average normal-force coeffi- 
cient of the horizontal tail surface for any 
angle of attack and elevator deflection 

(li.) Calculation of the chord load distribution corre- 
sponding to the calculated section normal-force 
coefficients 

Is o la ted - 1 a i 1 char a c t or 1 s t i c s , - The normal-force coef- 
ficient of 'an isolate^'l:afr'lian be e::pressed in the form 



where 



T 



- VdCNt/datAg 



For the isolated horizontal tail surface of the P-I4.73 
airplane, the tail effectiveness ( dCiJt/dat ) is , which depends 
mainly on the aspect ratio, v/as found to be O.062. from 
reference 1. The corresponding value of t, which depends 
malnljr on the ratio of the elevator area to the total tail 
area, was found to be Q.^k (reference 1), The elevator 
effectiveness {dCHt/dSe)is is therefore 0.035, 

SovTie error may exist in these empirical values inasmuch 
as the slope (dCNt/dcit)is also depends on the various other 
features of the tail design, such as the chord distribution, 
tlie elevator cut-out, and the gap between the stabilizer and 
the elevator. The chord distribution appears to have little 
effect, provided the tail has rounded tips. Measurements 
made to investigate the effect of cut-out on (ciCNt/dat ) is 
showed this effect to be almost negligible (reference l). 
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A gap between the stabilizer and the elevator is, in general 
detrimental although the published data on the subject appear 
to be incomplete o 

Downwash at tai l. - The effective angle of attack of 
the horizontal tail surface a-^ may be expressed as follows: 

at ~ arp - € -f it 

The dov/nwash at the tail c may be considered as the resultant 
downwash of the wingp the fuselage, and the wing-fuselage 
juncture. The wing downwash can be computed with considerable 
accuracy by the methods of reference 2; however, the effect 
of the fuselage and wing-fuselage juncture on the resultant 
downwash at the tail is not readily calculable and may be the 
source of considerable inaccuracy for airplanes with a poor 
wing-fuselage juncture- The effective angles of attack of 
the P-[|.7B tail were calculated to be O.P^ and 8, 3^ at airplane 
angles of attack of 0'^ and 1^.6^. The values given for 
are corrected for jet-boundary effects at the tail (reference J). 

Dynaraic-pressure distrib ution a cro ss horizontal tail ^ - In 
the Dr^erTce'iyf^he airplane, the normal force on the tail is 
reduced ov;ing to the loss of dynamic pressure at the tail due 
to the wing and fuselage wakes o A few^ calculations, based on 
the methods of reference 2, showed that the horizontal tail 
surface v;as above the v;ing v/ake for. angles of attack below 
15.6^ and was at the top of the wing wake at a-T =15^6 . The 
change in dynamic pressure at the tail due to the fuselage 
boundary layer has "been calculated by the methods of refer- 
ences l;^ and 5. Figure 3I shows the loss in dynamic pressure 
at the tail due to the wing and to the fuselage wakes at 
arp = 15.6^ and tlie resultant dynamic -pressure variation 
across the tail semispan. 

Figure 52 shov/s the variation of the product of local 
dynamic-pressure ratio and local chord along the tail semi- 
span for arp = 15,6^» In accordance with the experimental 
results of figiu^e I9 the value of (q/qo)c shown in figure 52 
at the fuselage center line has been taken as k.0 percent of 
the peak value of (q/qo)c. The resulting dynamic-pressure 
distributions resemble the actual span-loading curves o 
Weighted average values of q/q^ across the tail span were 
calculated to be 0^90 at arp = 0^ and O/78 at arp = l^^b^. 

Normal-force coefficient of horizontal ta il, - The 
average normal-force coefficient at the tail for any particular 
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angle of attack and elevator deflection is determined rroin 
the Isolated-tail characteristics and from calculated values 
of e and q/qo. a sumriary of typical calculations of 
norinal-force coefficients on tjne P-I|.7B tail together v;ith 
values obtained fron the pressure measurements follows: 







6e 


at 


,-1 


T 

(Gaicu- 
iated) 


(Celcu- 

l&teci) 






Calcu- 

lated 


Experi- 
mental 


Calcu- 

latea 


Sxoeri- 


0 

15.6 


0.103 
1.236 
1 .233 




0 
5 


0.9 
8.3 
8.3 


0.90 

.70 


o.5h 
• 5h 


0 . 062 

.062 
.062 


0.033 
•033 
.033 


0.032 
.029 
.029 




-0.0]'2 
.517 
. 671 



Some discrenancy exist:,: at aT> = 0''-^ betweeji the experimental 
and the Cc\lcu.lated valviea of C?^-^ • Inasmucli as the experi- 
mental valu.e of Ci:.. is negative for an apparent -oositlve 
tail an^rle of attaclc, it appears likely that the fuselage, 
the effects of v/liich v;ere ne(.;;lected in the calculation, may 
have considerable influence on the resultCint dov/nwash at the 
tail at this an^:le of attack. Figures 55 and jii show the 
stabilizer span load distribution measured at - 0 for 

elevator deflections of 0^ and , respectively. It is 
seen that the down load is greatest at the inboard sections 
of the stabilizer: this fact indicates an apparent increase 
in dov/nwash at these sections due to the fuselage, Tb-.e 
effect of the fuselage on the resultant dovmv^ash at the tail 
at arp = 15.6^ appears to be negligible. 

The nori.ml-f or ce coefficient at any section may be de- 
termined from the calculated values of (CNt^is because, for 
a surface having an eliptical chord distribution, the normal- 
force coefficient at any section will be constant along the 
tail span and equal to (CN^^is* comparison is given in 

figure 55 of the section normal-force coefficients calculated 
by tiie afore-mentioned laethods and the values determined from 
the pressure measiirements • The agreement between tlie calcu- 
lated and the experimental results Is good. It should be 
noted (fig. 55) that the forces normal to the surface will be 
greatest at trie outboard sections of the horizontal tail 
inasmuch as the dynamic pressures at these sections are 
greatest. This distribution of normal force may result in 
greater values of bending moments than those that would be 
calculated for the stjnictural design of the tail based on 
convent ionu 1 me tl ..ods . 
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Chord load distribution. - The chordwlse pressure dis- 
tribution corresponding to any section nornal-force coefri- 
clent may be calculated by followins the raethods given in 
references 6 and 7. Based on the section normal-force 
coefficients as determined herein, calculations of the chord- 
wise -ressuro distribution for one representative chord have 
been frade and are compared with the experimental results in 
f ip'ure.s - 6 to . The calculations were made for an NACA 
0006 section, which is very similar to the airfoil section 
used in the P-I4.7B tail. The pressure-distribution curves 
have been calculated for a flap chord equal to the elevator 
chord r^ius balance (figs. 56 and 57) and for a flap chord 
equal to the elevator chord (figs. 58 and 59). The com- 
parison between the calculated and the measured results^ indi- 
cates tViat best agreement v/ould have been obtained 11? the 
flap chord were measured from a point midway between the nose 
of tlie elevator and the elevator hinge line. 



SUICI-IkRY 0? RESULTS 

The pressure-distribution measurements over the P-1^-7B 
tail surfaces show the following results: 

1» There was a smaller loading at the inboard sections 
of the horizontal tail surface ana a greater loading at the 
outboard sections of the horizontal tail surface than would 
be expected for a surface having an elliptical chord distri- 
bution. The reduction in section normal force at the ribs 
adjacent to the fuselage v/as due to the fuselage boundary 
layer and increased v;ith angle of attack. 

2, The normal-force coefficient of the fin at zero yaw 
an-'le Increased from -O.066 at an angle of attack of 0° to 
0.016 at an angle of attack of I5.6", but the load on the 
rudder was negligibly small for all angles of attack. 

The increase of normal force on the fin with yaw 
was about 50 nercent less at an angle of attack of Ip.b^ 
than at 0'^ , 

ii. The effect of elevator deflection on the vertical- 
tail effectiveness and the effect of rudder deflection on 
the horizontal-tail effectiveness were small but measurable. 



11 



9. pie pressure cUstrltiiitlon over the horizontal tail 
of the .P-i;7B airplane v;as apDroxlmated by existing theoreti- 
cal and empirical raethods. 
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TABLE I 

CHORDWISE LOCATIONS OP HORIZONTAL-TAIL 0RIPICE3 
[stations in In. frotn leading eclge]- 



NACA 



Stabilizer 






Blovator 




Rib 


Tube 


o wa L xon 




Rib 




Tube 


Station 


1 , 10 




9 




1 , 10 




3 


u 




2 










U, 11 


1 
2 


P Q 

7 


0 „ ' 


■■■ d : ■.' 








5, 12 


2 




10 
1, ^ 


1 








6, 13 


5i 




2, 10 


2 








7. Ill 






11 










8, 15 


oZ 




Ji 12 


6 








9, 16 








10 






10, 17 


lUi 




6, lU 


lU 




2» 9 




17 


n 






l8 






18, 25 


I 

B 




8, 16 


21 






. 19. 26 




8 


0 


0 






20, 27 






1 Q 

, 7 


1 






21, 28 






2, 10 


2 






• 22, 29 






11 








25, 50 






i4-, 12 


6i 
5^ 






2 


h, 51 


l6o 


i 








5» o 




17 


0 




k l)i 
o , 14 


l6^ 






.1 


8, 25 


i 




7, l^ 








19, 26 


li 
^2 




O , J.O 


27 






20, 27 


,1 
3? 




' 0 


U 






21, 28 , 






1 Q 


2 






22, 29 






9 in 

c. f i.U 








25, 50 














2l|, 51 






II 12 






1. n 
7 










5, 15 








18, 25 






A ill 


2li^ 


» * 




19, 26 


2 




7, 1^? 


28 






20, 27 






Q T /I 

' o, 16 


. x^ 






21, 28 






0 


0 






22, 29 






1» -9 


b 




• 


^5, 50 


1 




2, 10 








2U, 51 


2o4 




.5, 11 










17 • 


0 




. 12 








. 18, 25 


9 


> 


S 13 








19, 26 






6, lU 


23 






20, 27 






7, 15 


5U 






21, 28 






8, 16 


59 






22, 29 










25, 50 


15 








2U, 51 


1^ 



NACA 



TABLt II 

chordy;ise locations op vertical-tail orifices 
j^Statlona In in. from, leading edgej 



13 



Rudder 



Rib 


Tube 


station 




Rib 


Tube 


0 u ion 


11 


1, 3 






11 


5 


0 




2, I; 








6, 10 




12 


0 


0 






7. 11 






1, 8 








8, 12 






2, 9 


3 






9, 15 






3, 10 


5 




12 


15 


0 




U, 11 


9 






16, 22 






5, 12 


15 






17, 23 






6, 13 


18 






18, 2l| 






7. lU 








19, 25 


1 


1? 


0 


0 






20, 26 


log 




1, 8 


1 






21, 27 






2, 9 






13 


15 


0 




3, 10 


5 






l6, 25 


1 




U, 11 


9 






17, 2l| 






5, 12 


15 






18, 25 






6, 13 








15, 26 






7, lU 








20, 27 




Ih 


0 


0 






21, 28 






1, 9 








22, 29 






2, 10 


3 




Ih 


17 


0 




3, 11 


5 






18, 25 


1 




U, 12 


8 






19, 26 






5, 13 


lU 






20, 27 






6, lU 


22 






21, 28 






7, 15 


28 






22, 29 


12 




8, 16 


33 






23. 30 






0 


0 






2h, 31 






1, 9 


2 




15 


17 


0 




2, IC 








i8, 25 






3, 11 


6 






19, 26 






12 


11 






20, 27 






5. 13 








21. 28 


8 




6, 111 








22, 29 






7, 15 








25, 50 






8, 16 








2u, 31 








16 


0 


0 








6 










1, 7 










2, 8 










3, 9 










U, 10 










5, 11 





TABLE III 
CHORDS AT ORIFICE STATIONS 
[Measured ir\ in.l 



Rit) 


Total 
chord 


! 

Fixed 
f^urf ace 


Mo vable 
wsurf ace 
(1) 


Balance 




1, 10 




iiii 




^% 


2> 9 




22 




5^ 












7~ 8 














55? 


i&l 






S8 


ko 






li 




16 






12 


39h 




11 


5 


13 




29^ 




5 




58| 




18 


5 


15 


7U. 






5 


16 


26 




21 


5 



Dimensions given are from hinge line to 
trailing edge. 



TABLE IV 
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Figure 1.- The P-47B airplane mounted in the full-scale tunnel. 
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Figure 16.- Determination of stabilizer loading carried acroee 
fuselage. 
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Figure IS.- Elevator span loadings, a,^^,15*o^. 
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Fi^^re 22,- Variation of normal-force coefficient 
v/itn an:^-le of attach, 0^; ^e, 3^ ; ^r,0^. 
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Figure 26.- Variation of normal-force 

coefficient for the vertical 
tail surface with rudder deflection and 
changing yaw, arp,0^; 63,3^. 
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Figure 27.- Variation of normal-force 

coefficient for the vertical 
tail surface with rudder deflection and 
changing yaw,a«ji,15.6^*, 6^,3^. 
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Figure 28,- Effect of rudder deflection on horizontal- 
tail loading, 6e,3^. 
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?igure 29.- Effect of yaw on horizontal-tail loading, 
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Figure 30.- Effect of elevator ief lection on vertical- tall 
loading, 6^,0^. 



A Distribution of dynamic-pressure ratio q/oo due to wing wake 
B Velocity distribution through fuselage boundary layer u/Vq 
C Variation of q/ through fuselage boundary layer 
D Combined effect of wing wake and fuselage wake q/qg 
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Figure 31.-. ji;ffect of wing and fuselage wakes on 

the dynamic pressure across the 
hori 2 ontal tail , a,- , 1 5 . 6 ^ . 
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Figure 32.- Estim.ated span load distribution based 
on the dynamic-pressure ratio along the 
tail and the chord distribution, a.r>, 15.6^* 
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Figure 33.- Stabilizer span load distribution, a, .,0^, 6^ ,0^. 
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Figure 34,- Stabilizer span load distribution, a ,0^,6^,30, 



Measured results from pressure distributions over the horizontal tail sur- 
face of the P-47B airplane. 

Based on iree-streaiL dynamic pressure. Calculated results 
Based on l ocal dyn amic pressure. j;;";; Isolated tail 
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Figure 35,- Comparison of the measured and calculated normal-force distri- 
butions on the horizontal tail, oq. > 15, 6"^ , f^^ , 0^ . 
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